Functional study of Histidine Kinase VicK in Streptococcus mutans by 苏明扬
 学校编码：10384                                 分类号      密级        




博  士  学  位  论  文 
变异链球菌中组氨酸激酶 VicK的功能研究 






专  业 名 称：细胞生物学 
论文提交日期：2016年  06  月 
论文答辩时间：2016年  07  月 
学位授予日期：2016年  08  月 
 
答辩委员会主席：               
评    阅    人：               
 




















另外，该学位论文为（        韩爱东         ）课题（组）的
研究成果，获得（   韩爱东         ）课题（组）经费或实验室的






































（     ）1.经厦门大学保密委员会审查核定的保密学位论文，于   
年  月  日解密，解密后适用上述授权。 







                             声明人（签名）： 
















摘 要 .......................................................................................................................... IV 
Abstract ........................................................................................................................ V 
第一章  前 言 ............................................................................................................. 1 
1.1 双组份系统的基本概念 ................................................................................. 1 
1.2 双组份系统的组成特点 ................................................................................. 3 
1.2.1 组氨酸激酶............................................................................................ 5 
1.2.1.1 感受信号结构域................................................................................. 5 
1.2.1.2 跨膜结构域......................................................................................... 6 
1.2.1.3 HAMP 结构域 ..................................................................................... 8 
1.2.1.4 激酶催化中心..................................................................................... 9 
1.2.2 应答调节蛋白...................................................................................... 10 
1.2.2.1 效应结构域....................................................................................... 11 
1.2.2.2 调节结构域....................................................................................... 12 
1.3 VicK/R的生物学功能 ................................................................................... 12 
1.4 变异链球菌 ................................................................................................... 14 
1.4.1 变异链球菌的介绍.............................................................................. 14 
1.4.2 变异链球菌的生态学分布以及与龋齿发生的关系.......................... 14 
1.4.3 变异链球菌在口腔中的生命活动...................................................... 15 
1.5 变异链球菌中的 TCS ................................................................................... 16 
1.6 生物被膜的生理意义 ................................................................................... 19 
1.7 本论文的研究内容及意义 ........................................................................... 20 
第二章 材料与方法 ................................................................................................... 22 
2.1 材料试剂 ....................................................................................................... 22 
2.1.1 菌株...................................................................................................... 22 
2.1.2 载体...................................................................................................... 22 
2.1.3 基因和引物.......................................................................................... 24 
2.1.4 工具酶.................................................................................................. 24 
















2.1.6 主要仪器.............................................................................................. 26 
2.2 实验方法 ....................................................................................................... 28 
2.2.1 基因相关的实验与方法...................................................................... 28 
2.2.1.1 S.mutans 基因组 DNA 的提取 ......................................................... 28 
2.2.1.2 S.mutans 总 RNA 的提取.................................................................. 28 
2.2.1.3 PCR 与 qPCR 引物的设计 ............................................................... 29 
2.2.2 突变菌株的构建.................................................................................. 36 
2.3 蛋白质相关的实验与方法 ........................................................................... 37 
2.3.1 融合蛋白的表达.................................................................................. 37 
2.3.2 融合蛋白的纯化.................................................................................. 39 
2.4 酶活及蛋白相互作用的检测 ....................................................................... 44 
2.4.1 蛋白体外激酶反应.............................................................................. 44 
2.4.2 蛋白体外磷酸转移反应...................................................................... 45 
2.4.3 蛋白体外去磷酸化反应...................................................................... 45 
2.5 质谱样品制备 ............................................................................................... 47 
2.6 扫描电子显微镜样品制备 ........................................................................... 48 
2.7 荧光共聚焦显微镜样品制备 ....................................................................... 49 
第三章  结果与分析 ................................................................................................. 52 
3.1 VicK蛋白 C端的一级结构保守性分析 ...................................................... 52 
3.2 VicK蛋白的分离纯化 ................................................................................... 53 
3.3 VicK激酶活性研究 ....................................................................................... 54 
3.4 VicK转磷酸酶活性研究 ............................................................................... 57 
3.5 VicK磷酸酶活性研究 ................................................................................... 59 
3.6 VicR磷酸化水平的变化 ............................................................................... 61 
3.7 VicK突变体的构建以及悬浮细胞的生长 ................................................... 64 
3.8 VicK突变体引起基因转录水平的变化 ....................................................... 66 
3.9 VicK突变体引起蛋白质组学的变化 ........................................................... 67 
3.10 VicK突变体引起的细菌形态和生物被膜表层的变化............................. 70 
















3.12 生物被膜厚度和分布数学统计分析 ......................................................... 80 
3.13 生物被膜中细菌和多糖扩散距离的统计分析 ......................................... 85 
第四章 总结与讨论 ................................................................................................... 87 
附录 1 图表索引 ........................................................................................................ 90 
附录 2 缩略语及中英文对照 .................................................................................... 92 
参考文献 ..................................................................................................................... 93 



















Abstract in Chinese ................................................................................................... IV 
Abstract ........................................................................................................................ V 
Chapter1 Introduction ................................................................................................. 1 
1.1 Brief introduction of TCS ............................................................................... 1 
1.2 Components of TCS ........................................................................................ 3 
1.2.1 Histidine kinase ....................................................................................... 5 
1.2.1.1 Sensor domain ...................................................................................... 5 
1.2.1.2 Transmembrane domain ....................................................................... 6 
1.2.1.3 HAMP domain ..................................................................................... 8 
1.2.1.4 Catalytic center .................................................................................... 9 
1.2.2 Response regulator ................................................................................ 10 
1.2.2.1 Effector domain ................................................................................. 11 
1.2.2.2 Regulatory domain ............................................................................. 12 
1.3 Function of VicK and VicR .......................................................................... 12 
1.4 Streptococcus mutans .................................................................................... 14 
1.4.1 Basic information about Streptococcus mutans .................................... 14 
1.4.2 Ecology and role in tooth decay............................................................ 14 
1.4.3 Life in the oral cavity ............................................................................ 15 
1.5 TCS in Streptococcus mutans ....................................................................... 16 
1.6 Physiological function of biofilm ................................................................. 19 
1.7 Contents and significances ........................................................................... 20 
Chapter2 Materials and methods ............................................................................. 22 
2.1 Materials ........................................................................................................ 22 
2.1.1 Strains..................................................................................................................... 22 
2.1.2 Vectors .................................................................................................................... 22 
2.1.3 Genes and primers .................................................................................................. 24 
2.1.4 Enzymes ................................................................................................................. 24 
















2.1.6 Instruments ............................................................................................................. 26 
2.2 Methods about gene ...................................................................................... 28 
2.2.1 Gene cloning .......................................................................................................... 28 
2.2.1.1 Extraction of genomic DNA of S.mutans ............................................................ 28 
2.2.1.2 Extraction of total RNA of S.mutans ................................................................... 28 
2.2.1.3 Primer design ...................................................................................................... 29 
2.2.2 Constructing mutated strains .................................................................................. 36 
2.3 Methods about protein ................................................................................. 37 
2.3.1 Recombinant protein expression ............................................................................ 37 
2.3.2 Recombinant protein purification ........................................................................... 39 
2.4 Detection of enzyme activity and protein interaction ................................ 44 
2.4.1 In vitro kinase reaction ........................................................................................... 44 
2.4.2 In vitro phosphotransferase reaction ...................................................................... 45 
2.4.3 In vitro phosphatase reaction .................................................................................. 45 
2.5 Sample preparation for MS ......................................................................... 47 
2.6 Sample preparation for SEM ....................................................................... 48 
2.7 Sample preparation for LCSM .................................................................... 49 
Chapter 3  Results and analysis .............................................................................. 52 
3.1 Analysis of VicK primary sequence ............................................................. 52 
3.2 Protein purification ....................................................................................... 53 
3.3 Study of VicK kinase activity ....................................................................... 54 
3.4 Study of VicK phosphatransferase activity ................................................ 57 
3.5 Study of VicK phosphatase activity ............................................................. 59 
3.6 Changes of VicR’s phsophorylation level .................................................... 61 
3.7 Construction and culture of S.mutans ......................................................... 64 
3.8 Changes of transcription in S.mutans ......................................................... 66 
3.9 Changes of translation in S.mutans ............................................................. 67 
3.10 Changes of morphology in S.mutans ......................................................... 70 
3.11 Changes of biofilm in S.mutans .................................................................. 75 
















3.13 Diffusion distance of bacteria and EPS of biofims in S.mutans .............. 85 
Chapter 4 Summary and discussion ......................................................................... 87 
Supplement 1 Index of pictures ................................................................................ 90 
Supplement 2 Abbreviations contrast ...................................................................... 92 
Reference .................................................................................................................... 93 



























本文研究了变异链球菌中组氨酸激酶 VicK 的生物学功能。VicK 是一个组氨
酸激酶，VicR 是一个应答调节蛋白。根据对 VicK 蛋白一级序列保守性分析，克
隆了三个突变体蛋白 D441A、W443A 和 Δ439 的基因。在体外实验中，这三个
突变体对 VicK 蛋白的激酶活性没有影响；突变体 D441A 具有与野生型 VicK 31-
450 基本相同的磷酸转移酶活性，突变体 W443A 和 Δ439 的磷酸转移酶活性受
到很大的影响，分别只有野生型的 40%和 15%；突变体 D441A 和 W443A 具有
同野生型 VicK 31-450 相似的磷酸酶活性，然而突变体 Δ439 的磷酸酶活性只有
野生型的 30%左右。体内实验研究发现 Δ439 突变株会造成 gtfD 基因转录水平
的上调和 GtfD 蛋白表达量的上升，在同一菌株中发现其他与多糖代谢相关的基
因 gtfB、gtfC 和 gbpC 转录水平的下调和相应蛋白表达量的下降。在含有葡萄糖
的培养基中对野生型和突变型的菌株进行培养，UA159 和 D441A 可以形成光滑、






















Microorganism use two-component systems as signal-transduction systems which 
involves two conserved components, a histidine kinase and a response regulator. The 
histidine kinase is activated by environmental stimuli, autophosphorylates at a 
conserved histidine residue. The phosphorylated histidine kinase will create a high-
energy phosphoryl group. This phosphoryl group is subsequently transferred to an 
aspartate residue in the conjugated response regulator. Phosphorylation induces a 
conformational change in the receiver domain. The conformational change will activate 
the effector domain which effects the response. These simple signal transduction 
systems could ensure microorganism to sense the complicated changes in the 
environment and take appropriate response. 
In this thesis, we studied two-component systems in Streptococcus mutans . VicK 
is a histidine kinase and VicR is conjugated response regulator. According to the 
sequence conservation of VicK, we generated three mutations D441A, W443A and 
Δ439 in VicK. We found these mutations had changed phosphothasnferase and 
phosphatase activity, but had not changed kinase activity. By homologous 
recombination, we generated three mutated strains and compared there ability to form 
biofilm. In Δ439, the transcription and expression level of GtfD was up-regulated while 
GtfB, GtfC and GbpC were down-regulated. Cultured these four strains in glucose-
containing media, UA159 and D441A could form a thick, smooth and EPS 
(extracellualr polysaccharide) riched biofilms whereas W443A and Δ439 could only 
form a thin, rough and breakable biofilms which contained a little EPS compared to 
UA159. In conclusion, VicK plays a major role in regulating EPS. 
 






































以编码双组份系统的基因，截至 2014 年 P2CS 数据库的统计，2758 种原核生物
的基因组可以编码 164651 种双组份系统蛋白，平均每种细菌大概含有 60 个双组
份系统[4]，例如在大肠杆菌（Escherichia coli P12b）中含有 65 种 TCS 蛋白，变
异链球菌（Streptococcus mutans UA159）中含有 29 种 TCS 蛋白，枯草芽孢杆菌
（Bacillus subtilis XF-1）中含有 72 种 TCS 蛋白，金黄色葡萄球菌（Staphylococcus 
















有 336 种 TCS 蛋白。 
典型的双组份系统由锚定在细胞膜上的感受外界信号的激酶蛋白（sensor 
kinase, SK）和可自由移动的位于细胞质中的应答调节蛋白（response regulator, RR）
组成。SK 是感受外界刺激、调节信号转导的主要部件，RR 是信号应答的主要部
件，活性受到 SK 的调控。SK 蛋白接受外界刺激以后可以磷酸化自身保守的组
氨酸（His）残基，该位点的高能磷酸基团可以在 SK 的作用下转移到 RR 保守的
天冬氨酸（Asp）残基上，进一步诱导 RR 的构象发生改变，激活 RR 的调节活
性。RR 是一个 DNA 结合蛋白，当 RR 被磷酸化以后可以发生二聚化，增强 RR
与 DNA 的结合强度。二聚化的 RR 通过结合在不同的 DNA 位点来调控蛋白质

















图 1.1 双组份系统模式图 






























































酸化结构域（dimerization and histidine phosphotransfer, DHp）和催化 ATP 结合结
构域（catalytic and ATP binding, CA）。HK 通常在 DHp 结构域的 N 端连有其他结
构域。很多 HK 含有一个或者多个跨膜螺旋，这些跨膜螺旋可以识别胞内或者胞
外的信号。作为信号识别的主要分子，HK 包含的行使信号识别功能的结构域是
非常多变的，大多数的 HK 蛋白在跨膜区和 DHp 结构域之间包含多个结构域，
例如 PAS（Per-Arnt-Sim）、HAMP（Histidine kinases, Adenylate cyclases, Methl 
accepting proteins and Phosphatases）、和 GAF（cGMP-specific phosphodiesterases, 
Adenlyl cyclases and FhlA）结构域[13]。这些结构域可以将跨膜区域接受到的外界
刺激信号传导至 DHp 和 CA 结构域；也可以直接感受细胞质中的刺激信号，同
时将刺激信号传导至 DHp 和 CA 结构域[14, 15]。DHp 结构域含有一个高度保守的















































域具有 PAS 超家族的折叠构象，PAS 结构域是一类参与信号感应和传递的结构
域。PAS 结构域可以感应细胞代谢产物[24]、金属离子、氧气、氧化还原条件、光






结合位点，从而导致金属离子从细胞膜表面和 PAS 结构域解离，进一步激活 PhoQ
蛋白[28]。WalK 蛋白也是定位于细胞膜上，对革兰氏阴性菌的细胞膜代谢具有非
常重要的作用。该蛋白也同样具有位于细胞膜外的感受信号变化的 PAS结构域，















Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
